Acid-base equilibria in rhodopsin: dependence of the protonation state of glu134 on its environment.
Glutamic acid E134 in rhodopsin is part of a highly conserved triad, D(E)RY, located near the cytoplasmic lipid/water interface in transmembrane helix 3 of G protein-coupled receptors (GPCRs). A large body of experimental evidence suggests that the protonation of E134 plays a role in the mechanism of activation of rhodopsin and other GPCRs as well. For E134 to change its protonation state, its pK(a) value must shift from values below physiological pH to higher values. Because of the proximity of the triad to the lipid/water interface, it was hypothesized that a change in solvent around E134 from water to lipid could induce such a shift in pK(a). To test this hypothesis, the pK(a) values of the titratable amino acid residues in rhodopsin have been calculated and the change in solvent around E134 was modeled by shifting the position of the lipid/water interface. The approach used to carry out the pK(a) calculations takes into account the partial immersion of transmembrane proteins in lipid. Qualitative experimental evidence is available for several residues regarding their likely protonation state in rhodopsin at or near physiological pH. Comparison of the calculated pK(a) values with these experimental findings shows good agreement between the two. Notably, glutamic acids E122 and E181 were found to be protonated. The pK(a) values were then calculated for a range of lipid/water interface positions. Although the surrounding solvent of several titratable residues changed from water to lipid in this range, leading to pK(a) shifts in most cases, only for E134 would the shift lead to a change in protonation state at physiological pH. Thus, our results show that the protonation state of E134 is particularly sensitive to its environment. This sensitivity together with the location of E134 near the actual position of the lipid/water interface could be a strategic element in the mechanism of activation of rhodopsin.